Starch tartarate nanoparticles were prepared by esterification reaction between native sago starch (Metroxylon sagu) and tartaric acid using dimethyl sulphoxide (DMSO) as a solvent and 2-dimethylamino pyridine (DMAP) as a catalyst at 100 • C. The substitution of tartaric acid onto native sago starch was confirmed by the FTIR spectra which showed the presence of carbonyl group absorption band of tartarate ester. The solubility of the as-synthesized starch tartarate nanoparticles was observed to increase linearly with increase in the degrees of substitution. Under optimized synthesis conditions, starch tartarate nanoparticles of mean particle sizes which ranged from 200 nm to 300 nm were produced.
Introduction
Starch as a polysaccharide is one of the most abundant renewable agroresources. Starch mainly composed of amylose and amylopectin polysaccharides. The ratio of amylopectin and amylose depends on the plant origin such as maize, corn, sago, tapioca, wheat, and potato [1, 2] . Starch has been traditionally being widely used as a major low-cost food item in many countries. Due to its low-toxicity, abundant availability, biodegradable, and low cost, starch and its derivatives are widely used in various industry applications such as coating and sizing in paper industries, binder and adhesives, absorbent, drug delivery carriers, and implants [3] [4] [5] [6] . However, the inherent poor mechanical properties, insolubility in water, and high viscosity have limited the utilization of native starch in various applications. This drawback has prompted many researchers to modify starch in order to improve its properties for various technological and biomedical applications. The properties of modified starch were affected by several factors, such as the degree of substitution (DS), sources of starch, and types of substituent [7] .
The esterification reaction is one of the most commonly used approaches to modify starch. Among the commonly studied starch esters are starch acetate [8, 9] and starch maleate [10] . Starch esters are being used in applications such as substitutions for petroleum-based plastic materials, sealing adhesives, and biodegradable packing materials [11] . Various synthesis methods have been used to synthesize starch esters. The esterification of starch is normally carried out by reacting starch with fatty acid chlorides [12] , acetic anhydrides [13] , succinic anhydrides [14] , sodium selenite [15] , or dicarboxylic acid [16] in various types solvents and under basic conditions.
In this work, we have attempted to prepare a new type of water soluble starch esters by the esterification reaction between native sago starch and tartaric acid. Tartaric acid is a nontoxic, natural occurring compound found in fruits such as grapes, bananas, and tamarinds. Tartaric acid is being used as a popular food additive in soft drink, cream of tartar and baking powder. Being a dicarboxylic acid, the esterification of starch can occur through the substitution of carboxylic group of the tartaric acid onto the free hydroxyl groups of starch molecules. (ELGA, Model Ultra Genetic). All the chemicals were of reagent grade and were used without further purification.
Experimental

Preparation of Starch Tartarate Nanoparticles.
The synthesis of starch tartarate nanoparticles was carried out by the esterification reaction between free hydroxyl groups of starch and carboxylic groups of tartaric acid (Scheme 1).
In a typical synthesis, 0.81 g (0.005 mol of Anhydrous Glucose Unit (AGU)) of native sago starch was added into 5 mL of DMSO under magnetically stirring. 0.1 mL of 2-(dimethylamino) pyridine (DMAP) was added as a catalyst to the starch mixture. Tartaric acid dissolved in 5 mL DMSO was then added dropwise to the starch mixture. The starch mixture was magnetically stirred and heated to 100 • C for various reaction durations. The reaction mixture was then precipitated in absolute ethanol and rinsed twice with absolute ethanol to remove excess of tartaric acid, DMSO, and water. The precipitated starch tartarate nanoparticles were separated from the solvent by centrifugation and dried at 60 • C in oven for 24 hours.
Characterization of Starch Tartarate
Scanning Electron Microscopy (SEM).
The morphology of starch tartarate nanoparticles was observed using a scanning electron microscope (SEM) (JEOL Model JSM 6390LA) at various magnifications. (FTIR) . FTIR spectra of the samples were obtained using a Fourier Transformed Infrared Spectrometer (SHIMADZU Model FTIR-8201PC). Dried starch tartarate powder was made into thin pellets with potassium bromide (KBr) and scanned with an FT-IR spectrometer within the wave number ranges of 400 and 4000 cm −1 .
Fourier Transform Infrared Spectroscopy
Degree of Substitution (DS).
The degree of substitution (DS) was determined using the titration method reported by Ogawa et al. with modifications [17] . 0.05 g of dried starch tartarate was dissolved in 10 mL of 0.1 M NaOH by stirring at room temperature for 30 minutes. Excess NaOH in the solution was then titrated with 0.1 M hydrochloric acid (HCl) solution until the solution was neutral. DS was calculated using the following formula (2):
Percentage of substitution, Ta%
where M NaOH is the molarity of NaOH, V HCl is the volume 
Results and Discussion
Effect of Reaction Temperatures.
The effect of reaction temperatures on the esterification reaction was investigated by heating samples at various reaction temperatures. FTIR spectra of samples prepared at various reaction temperatures were shown in Figure 1 . As shown in Figure 1 , the characteristic peak of carbonyl functional group at around 1740 cm −1 was only observed for sample prepared at 100 • C. This suggested that the formation of ester bond of C=O by the esterification reaction between starch molecules and tartaric acid to form starch tartarate only occurred at 100 • C. At reaction temperature lower than 100 • C, no esterification reaction occurred. In addition, DMAP as a catalyst was required for this esterification reaction to occur. Figure 2 shows FTIR spectra of samples prepared at various reaction durations. The characteristic peak of carbonyl functional group was only observed for samples obtained from reactions that were carried out for more than 4 hours. The intensity of the carbonyl group at around 1740 cm −1 was observed to increase with reaction duration from 4 to 8 hours. The increase in intensity of the characteristic peak of carbonyl group demonstrated that higher degree of substitution of hydroxyl groups (OH) of starch molecules with carboxylic groups (COOH) from tartaric acid was achieved through longer reaction duration. However, reaction duration longer than 6 hours was not pursued in the current study as prolonged reaction duration (>6 hours) was observed to cause degradation of starch.
Effect of Reaction Durations.
Degree of Substitution and Solubility.
The degree of substitution (DS) was calculated as the average number of hydroxyl groups substituted per AGU. As shown in Figure 3 , the degree of substitution was observed to increase with longer reaction duration from 2 to 8 hours. This finding concurs with observation of increased intensity of characteristic peak of carbonyl group at around 1740 cm −1 as observed in FTIR spectra ( Figure 2 ). As the reaction time was longer, there is more time for the -COOH groups of tartaric acid to react with the -OH groups of starch molecules and thus more substitution could occur. Increase in the degree of substitution was observed to enhance the solubility of tartaric acid modified starch in water at various pH values as shown in Figure 4 . As more hydroxyl groups per AGU of starch molecules were substituted with tartaric acid, the free carboxylic functional groups of tartaric acid ionize in solution to form carboxylate ions (COO − ) and resulted in the solubility of starch tartarate in water. The solubility of starch-tartarate in water was observed to increase under basic conditions (pH 14) as compared to neutral (pH 7) and acidic (pH 1) conditions. Under basic condition, starch tartarate ionizes more easily and thus is more soluble in water. However, at higher degree of substation, starch tartarate was observed to dissolve easily in water regardless of the pH values of the solution. The good water solubility of starch tartarate was due to the high coverage of carboxylic acid that can be easily ionized in water. Figure 5 (a) were observed to be smooth and oval in shape. The sizes of the starch granules varied between 6 and 49 µm in diameters. Native sago starch was first dissolved in DMSO solvent and reprecipitated using absolute ethanol. As can be seen from Figure 5(b) , the structure of the native sago starch had collapsed during their dissolution and regeneration process to form homogenous agglomerates. After the native sago starch was modified with tartaric acid, the resulting starch tartarate precipitated in absolute alcohol was observed to form spherical nanoparticles with size ranged from 200 to 300 nm. Starch tartarate nanoparticles were formed by the desolvation of starch tartarate due to the rapid gradientdriven diffusion of solvents into the nonsolvent [18, 19] .
Surface Morphology. The native sago starch granules in
Conclusion
In conclusion, we have successfully synthesized water soluble starch tartarate nanoparticles by reacting starch and tartaric acid with DMSO as a solvent and DMAP as a catalyst. Starch tartarate of moderate degree of substitution (0.023-0.033) was synthesized from the esterification reaction. Water soluble starch tartarate nanoparticles with size ranged from 200 to 300 nm were produced by precipitation of starch tartarate in absolute ethanol. These water soluble starch tartarate nanoparticles are promising materials for various biomedical applications such as drug delivery carriers and artificial implants.
